Background: Spinal disorders are a major public health problem. Appropriate diagnostic imaging is an essential part in the management of back complaints. Nevertheless, inappropriate imaging increases population collective dose and health costs without improving outcome. Purpose: To determine the effects of active implementation of referral guidelines on the number and justification of spine radiography in primary care in one city. Material and Methods: Specified guidelines for spine radiography were distributed to referring practitioners altogether three times during the study period. Educational lectures were provided before the guidelines were taken into use. The guidelines were also made available via the intranet. The number of spine radiography referrals during similar 6month periods in the year preceding the interventions and the following 2 years was analyzed. Justification of 448 spine radiographs was assessed similarly. Results: After interventions, the total number of spine radiography examinations decreased by 48% (P < 0.001) and that of cervical spine radiography by 46% (P < 0.001), thoracic spine by 53% (P < 0.001), and lumbar spine by 47% (P < 0.001). The results persisted after 1-year follow-up. Before interventions, 24% of the cervical, 46% of the thoracic, and 32% of the lumbar spine radiography referrals were justified. After interventions, only justification of lumbar spine radiography improved significantly, 64% being justified (P ¼ 0.005). Conclusion: Spine radiography in primary care can be reduced significantly by active referral guideline implementation. The proportion of inappropriate radiography was unexpectedly high. Thus, further education and studies concerning the appropriate use of spinal radiography seems to be needed.
Introduction
In developed countries, painful disorders related to the back and neck are major causes of work disability. In the USA, approximately 15% of adults reported having spine problems in 2005, and it is estimated that over 100 million European citizens suffer from chronic musculoskeletal pain (1, 2) . National clinical guidelines on the management of lower back pain have been published in several countries (3) . The contents of the guidelines regarding the use of diagnostic examinations are rather similar. Spinal radiography is of limited value and does not improve clinical outcome unless there are clinical ''red flags'' present suggesting serious pathology, such as fracture, infection, cancer, or inflammatory disease (3) (4) (5) (6) . These conditions are uncommon, representing less than 6% of all causes of back pain (7) . Most spine imaging findings are common in asymptomatic adults and are only weakly associated with back pain symptoms (8) .
Today, computed tomography (CT) examinations deliver a major proportion of ionizing radiation from medical sources, but numerically most of the examinations using ionizing radiation are still radiography examinations (9) . In the UK and Finland, about 90% of all radiological examinations is radiography. In these countries, approximately 6% of radiography is spine radiography, which means annually about 1.76 million spine radiography examinations in the UK and about 200,000 in Finland (10, 11) . Radiation doses of spine radiography, especially of the lumbar spine, are among the highest for conventional radiography, and the radiation is delivered to some of the most radiosensitive organs of the body (4, 5) .
According to the International Commission for Radiation Protection (ICRP), radiation protection is based on three fundamental principles: justification, optimization, and dose limitation (12, 13) . Justification must always be considered with examinations using ionizing radiation due to the possibility of radiationpromoted carcinogenesis (12, 13 ). An examination using ionizing radiation is justified when the benefit to the patient is greater than the expected harm, and justification includes consideration of all alternative procedures available requiring no or less exposure to ionizing radiation (i.e. no imaging performed, a modality with less exposure, magnetic resonance imaging [MRI], or ultrasound) (14) . The principle of justification comes true in imaging guidelines. In short, if the indication of an examination is in accordance with the imaging guidelines, the examination is justified.
Authoritative sources and studies suggest that guideline implementation has been clinically inadequate and unjustified radiological examinations are performed (13) . In some studies, for example, as much as about 50% of lumbar spine radiography, and even more in the case of lumbar spine CT, has been inappropriate (13, (15) (16) (17) (18) . There are various interventions designed to improve guideline implementation. Change is thought to be possible when well-focused, combined interventions are used (19) . The aim of this study was to determine whether active guideline distribution together with education could reduce the number of practitioners' requests for spine radiographs in primary care and whether the examinations performed would be in better accordance with the guidelines after these interventions.
Material and Methods
This study was approved by the institutional review board. The study focused on the number and justification of cervical, thoracic, and lumbar spine radiography in the years 2010, 2011, and 2012 requested by practitioners working in health centers in a university hospital city (Oulu, Finland). The study group consisted of primary care patients, including occupational healthcare patients, aged 16 years or older. Children were excluded from the study because there are different imaging guidelines for children. The number of municipal health centers in Oulu was 10 in 2010 and 2011 and 14 in 2012, in addition to wards with 170 beds. There were altogether 140 practitioners working in the health centers. The population in Oulu was about 140,000 and the size of the study group population was about 116,000 during the study period (114,161 in 2010, 116,166 in 2011, and 118,211 in 2012).
Procedures
Since 2006, Oulu University Hospital had guidelines in place for the use of spine radiography based on the recommendations of the European Commission (4). These guidelines were also in use in Oulu health centers. More detailed guidelines based on the same source were established in 2011 (Supplementary material). In both guidelines, the indications for spine radiography were similar, but they were explained more precisely in the new guidelines. Guidelines for spine CT and MRI examinations were also provided. The guidelines and this study were approved by the chief of the Health Center Services and the chief of the Physical Medicine and Rehabilitation unit.
The new guidelines, together with an educational cover letter, were distributed by email in the beginning of the year 2011 to all practitioners working in Oulu health centers and to radiologists and radiographers working in the radiology department of Oulu University Hospital where the examinations were performed (Supplementary Table 1 ). The educational cover letter included concise information about the project, the harmful effects of ionizing radiation, the purpose of guidelines, and the principles of the justification process. It also emphasized that unjustified spine radiography requests would be cancelled. It was also distributed to the nurses and receptionists at the health centers to enable informing patients. The guidelines were posted on the health centers' and the hospital's intranet. The new practice was implemented on the first of March 2011. Reminders concerning the guidelines and the project were distributed by email at the end of February 2011 and in June 2011. The guidelines were provided again via email in October 2011 and in June 2012.
One-hour information and education lectures to practitioners and staff working in the radiology department were provided by two radiologists from February to March 2011. The lecture comprised information on the project and the new guidelines, the risks and doses of radiation, indications for different spine examinations (including ''red flags''), appropriate referrals, the process of justification, and legislation on radiation protection. The education sessions were held during the health centers' weekly meetings and during the meetings of the radiology department. Two-sided laminated informational pocket cards about radiation doses and justification procedure were also provided for the referring practitioners.
In March 2011, a brief article about radiation protection and this project was published in the local newspaper. It was drawn up to inform the public about this project and the harmful effects of ionizing radiation, the overutilization of radiological examinations, and the benefits of radiation protection.
In this project, as in general, the practitioner made the primary justification assessment of spine radiography. The radiographer evaluated the referral and made the final justification. Radiographers were advised to consult radiologists in unclear cases. Practitioners were contacted by phone when additional information for justification was needed. Unjustified referrals were cancelled and radiologists made the note ''cancelled based on justification'' in the patient file. The practitioners were thus able to receive feedback through the patient files.
Analysis
The number of all radiographic studies and spine radiography (excluding flexion and extension radiography) was analyzed over 6-month periods. These study periods were from 1 May to 31 October before the interventions in 2010 and after them in 2011 and 2012. The study period was chosen to begin on the first of May to allow the health centers sufficient time to adapt to the new guidelines. Patient data were collected from Oulu health centers' electronic patient files. The number of cancelled referrals based on justification was also calculated.
Due to the possibility of increasing demand for spine MRI during the project, the number of spine MRI examinations performed on Oulu inhabitants at Oulu University Hospital during the study periods in 2010, 2011, and 2012 was analyzed. This is the only municipal hospital performing MRI examinations in the Oulu area.
The justification of cervical, thoracic, and lumbar spine radiography was examined separately in the years 2010, 2011, and 2012. The examinations were extracted from the electronic patient files consecutively from 1 May excluding occupational healthcare patients. The number of examinations analyzed was 50 in all categories except for thoracic spine in 2012, as only 48 examinations of the thoracic spine were performed during the 6-month period in that year. The justification survey thus included altogether 448 examinations. Clinicians' referrals and corresponding patient files were analyzed by a radiologist. Using that information and the new guidelines, the justification was assessed. The justification of the examinations from the year 2010 was analyzed based on the previous guidelines. The principles of both guidelines were similar, and thus the indications for spine radiographs did not change between the guidelines. The indications of the unjustified radiographs were also evaluated. Subsequently, another radiologist specializing in musculoskeletal radiology went through the gathered information. In case of discrepancy, a consensus decision was made.
Statistical analysis
Difference between the numbers of radiographs (observed/100,000 citizens) was tested using chi-square goodness of fit test. The proportions of justified spine radiographs were compared using independent samples chi-square test.
Results
The number of different spine radiographs decreased significantly in the 6-month periods in 2011 and 2012 compared with 2010 (Table 1) . During these periods in 2010, 2011, and 2012, 65% of spine radiographs were performed on women and 35% on men. The average age of the patients was 62 years. The overall number of radiographic examinations which remained almost constant from 2010 to 2011 decreased by 9% from 2010 to 2012 during similar periods. Furthermore, the number of spine MRI examinations performed on Oulu residents at the Oulu University Hospital decreased by 8% from 2010 to 2012 (Table 2 ).
In Finland, the average effective radiation dose from cervical spine radiography is 0.2 mSv, from thoracic spine radiography 1 mSv and from lumbar spine radiography 2 mSv (20) . Based on this information, the collective effective dose reduction due to the decrease in spine radiography from 2010 to 2012 was 807 mSv (-52%) in the 6-month study period.
In 2010, 24% of cervical spine, 46% of thoracic spine, and 32% of lumbar spine radiography was justified ( Table 3 ). The proportion of justified cases concerning lumbar spine radiography was the only one showing a significant increase, from 32% in 2010 to 64% in 2012 (P ¼ 0.005). The most common indications for unjustified radiography were: (i) neck pain, brachialgia or degenerative change (79%) and dizziness (12%) in the cervical spine; (ii) chronic or worsened back pain (66%), neck pain, and/or brachialgia (14%) and side/rib pain (14%) in the thoracic spine; and (iii) chronic or worsened back pain (62%) and symptoms of disc syndrome (29%) in the lumbar spine. The number of cancelled requests was 35 and 29 in 2011 and 2012, respectively.
Discussion
Our results reveal that it is possible to reduce the number of spine radiographs significantly with traditional interventions such as guideline distribution and educational lectures. The number of different spine radiography examinations decreased significantly after interventions were applied, and the change persisted after a 1-year follow-up. The decrease from 2010 to 2012 was 39% in the cervical spine, 63% in the thoracic spine, and 53% in the lumbar spine radiographs.
With the decrease in the number of spine radiographs from 2010 to 2012, a notable dose reduction (807 mSv) related to spine radiography was achieved in the 6-month study period. This equals approximately 70 CT examinations of the abdomen, 27,000 posterioranterior chest radiographs, or 220 years of natural background radiation in Finland (20) . Furthermore, the city saved over E18,000 per 6 months. The economic relevance in the years to come would thus be significant. The reduction in the number of radiography examinations has also released resources for appropriate examinations.
It was suspected that the amount of spine MRI would increase after the interventions were applied, but the number decreased slightly during the study period. In fact, when guidelines are used correctly, there should not be an excessive number of MRI examinations: if a spine radiograph is not justified, the use of MRI is not necessarily indicated. In this study, the guidelines for spine CT and MRI had also been provided. However, this study concentrated on justification of radiographs and so we did not assess whether the spine MRI examinations performed were in accordance with the guidelines. Studies concentrating on the appropriate use of CT or MRI or on improving the (17, 18, 21, 22) . Nevertheless, it has been possible to improve justification of lumbar spine CT significantly by active guideline implementation (22) . Justification was surprisingly poor, and improvement in justification of lumbar spine radiography after interventions was the only one with statistical significance. However, the significant decrease in spine radiography eliminated numerous inappropriate examinations. There can be several reasons for the excessive amount of unjustified radiography. Concerning the justification process, the evaluation of justification is complicated. Non-medical aspects, such as capacity, request from the patient or relatives, as well as insecurity, may have an effect on the choice of examination, and these reasons cannot always be found in referrals. The indications for unjustified examinations were mostly chronic or worsened pain without side symptoms, or suspicion of degenerative changes. Guidelines do not advice performing radiography on such patients, and this patient group is large. The number of requests that were cancelled was low in both years. This implies that the justification decision is not easy or clear for the radiographers either, and more education is needed. Furthermore, the importance of radiologists' support to the radiographers should not be underestimated. It is probable that the biggest change in this study was achieved in the referral habits of the practitioners. In any case, it seems to be important to analyze not only the change in the number of radiography examinations but also the justification of performed examinations.
The strength of our study is that we used a combination of interventions that have proven to be effective and are easy to implement with normal practice: guideline distribution, reminders, and active lectures to small groups. Educational tactics are thought to have controversial effects on guideline implementation (23, 24) . Some studies have shown that distributing guidelines without education does not change practitioners' behavior (25, 26) . However, interactive education aimed at small groups and a combination of different interventions have been shown to have positive effects (24, 27) . In some studies, guideline implementation with an educational message or with lectures and feedback have reduced general practitioners' spine radiography referrals by about 20%, and in one study even by about 80% (28) (29) (30) (31) . There have also been studies assessing the impact of the computerized physician order entry system with decision support on medical imaging services (32) . Such systems are not in use in Finland.
In our study, we had a 1-year follow-up period, which is lacking in many studies. Our study also differs from most of the earlier studies, because we did not examine only the change in the number of radiography examinations but also the justification of different spine radiography examinations and indications for unjustified examinations. One study has stated that interventions can improve the conformity of the referrals with the guidelines, but the study period in that survey was only 7 weeks (24) .
There are some weaknesses to this study. The major weakness is that the study contains information from one city only. Second, the impact of various interventions was not measured separately. Certain interventions may have directed the referral practice more than others. In addition, we did not record practitioners', radiographers', or radiologists' participation in the educational lectures. Furthermore, as the interventions described were targeted at all practitioners, we did not have a control group. The change in the numbers of spine radiography examinations in the health centers of two other university hospital cities from 2010 and 2011 is used as a reference (Table 4 ). These cities are quite similar to our city, both socioeconomically and in population size, making the statistics comparable. In these cities, as in Finland as a whole, the amount of spine radiography has decreased slightly, Hence, clinicians in primary care may also have been more aware of these guidelines and the process of justification than average clinicians in Finland. Nevertheless, we believe that the active education and guideline implementation used in our study could also result in notable outcomes elsewhere. We also realize that it is possible that some patients who did not have spine radiography would have benefited from it. However, our guidelines were based on international guidelines developed by different experts, and, in general, the use of referral guidelines is essential to control the use of radiation and resources. Furthermore, in practice, it is difficult to go through and follow up all the patients who had seen their doctor due to spine problems during the study period. When used appropriately, diagnostic imaging, including radiography, is an essential part in the management of patients with back complaints. Nevertheless, inappropriate imaging increases population collective dose and contributes to increased costs without improving the outcome. Inappropriate use of spine radiography is a global problem which may be most prominent in primary care, where the patients are unselected with common symptoms but without any indication for radiography. Efforts should probably be directed particularly to this area. The interventions used in this study could easily be implemented in other institutions worldwide.
In conclusion, this study demonstrates that the number of spine radiography examinations in primary care can be reduced significantly by active referral guideline distribution and educational lectures. The results of the study persisted after 1-year follow-up. This reduction was achieved without an increase in referrals to MRI examinations. The proportion of inappropriate radiography was unexpectedly high and only justification of lumbar spine radiography improved significantly. Further education and studies concerning the appropriate use of spine radiography seems to be needed.
